A 23-month-old female was admitted to the neurosurgery service with a 3-month history of a progressively enlarging neck mass. There was associated redness, swelling, and tenderness to palpation, but no neurological deficits on examination. A noncontrast computed tomography (CT) scan of the neck and magnetic resonance imaging (MRI) with contrast showed an osteolytic contrast-enhancing lesion primarily involving the C2 posterior elements, with a compressive circumferential epidural component extending from C2 to C5 [ Figure 1 ]. A skeletal survey was negative for any other osseous lesions. She underwent C2 to C5 laminectomy with partial resection of the lesion without complication. Pathology was consistent with Langerhans cell (LC) histiocytosis (LCH). She was discharged home several days after her operation and subsequently started outpatient chemotherapy with cytarabine.
A 17-year-old male was admitted to the neurosurgery service with a 6-week history of a progressively enlarging scalp mass. There were tenderness and intermittent bleeding from the ulcerated lesion, with no focal neurologic deficits on examination. A noncontrast CT scan of the head and MRI brain, with and without contrast, showed a large transosseous contrast-enhancing lesion of the right frontal bone [ Figure 2 ]. CT venography showed compression of the adjacent superior sagittal sinus. Surgery with gross total resection of the lesion was performed. Pathology was consistent with LCH. The patient was discharged home the day after his operation. He subsequently started outpatient chemotherapy with cytarabine.
REVIEW

Overview and nosology of Langerhans cell histiocytosis
LCH is a rare heterogeneous illness characterized by the proliferation of dendritic cells with LCH morphology. LCH refers to a spectrum of diseases, from a localized lesion to a diffuse multiorgan pathology. [10, 27, 43] It can affect any organ system, but most commonly involves the skeletal system (80%). Other commonly affected sites include the skin (33%), pituitary gland (25%), liver, spleen, lungs, and brain. [23] The most common named subtype, eosinophilic granuloma (EG), refers to a benign localized LCH, most commonly of the bone. [43] Other named subtypes include Hand-Schüller-Christian disease, a multifocal LCH classically characterized by exophthalmos, diabetes insipidus, and osteolytic skull lesions, and Letterer-Siwe disease, a diffuse systemic LCH clinically manifested by skin rash, hepatosplenomegaly, and pancytopenia with an acute fulminant course. A congenital self-limited form, named Hashimoto-Pritzker disease, has also been described. [24, 29] In 1953, Lichtenstein grouped all of these diseases under the name "histiocytosis X," a term that has since been replaced by LCH. [24, 34] 
Etiology and pathophysiology
As mentioned above, the proliferation of a myeloid-derived precursor dendritic cell with the characteristics of a LC is what characterizes LCH. [11, 19] One theory on the pathophysiology of LCH is based on recently published data that LCH cells express CD40 at high levels, leading to the overactivation of CD40L + T-lymphocytes. The subsequent release of cytokines leads to further recruitment of LC progenitor cells, as well as to the local destruction of bone, fibrosis, and necrosis. [1, 13, 18] The central debate on the pathogenesis of LCH is whether it is a reactive immune response or a neoplasm. Support for the neoplastic theory includes the monoclonality of the pathologic cells (though this also can be seen with reactive immune processes), [1, 49] the up-regulation of pro-cell proliferation and anti-apoptotic proteins (c-Myc, H-ras, Bcl-2) in LCH samples, [47] the up-regulation of Ki-67 (a marker of proliferation), [5, 47] the finding of activated BRAF mutations in a majority of samples, and the clinical response of BRAF (V600E) disease to vemurafenib. [4, 22] Support for the theory that LCH represents a dysfunctional immune response includes data showing the up-regulation of genes that lead to T-cell activation and recruitment in LCH lesions, [2] an increase of T-regulatory cells in the blood of LCH patients in comparison with controls, [48] and a lack of evidence of gross genomic or karyotypic aberration in LCH biopsy samples. [9] Of note, no antigenic trigger has been identified, and evidence points against a viral etiology. [26, 36] Epidemiology EG that affects the bone is the most common subtype of LCH, representing an estimated 60-80% of cases. EG can be single or multifocal; it most commonly affects the calvarium, but can also present in the vertebrae, ribs, long bones, and mandible. [12, 29, 37] EG primarily affects children under the age of 15, with an estimated incidence of <1 per 100,000. [10, 27] Clinical presentation, workup, and diagnosis Radiography demonstrates a sharply demarcated osteolytic lesion of the underlying bone. [37, 43] EG of the skull presents as a gradually enlarging scalp mass. [43] EG of the vertebral body in children most commonly presents with pain. A neurologic deficit is uncommon even in cases of progression to vertebra plana. [6, 20] EG of the orbital bone may present as proptosis with an accompanying mass mimicking malignancy. [15] EG may also occur intracranially, typically in the hypothalamic-pituitary axis with associated endocrinopathies. [25] Radiographically, LCH lesions avidly enhance with contrast on both CT and MR and demonstrate increased uptake in fluorine-18-labeled fluorodeoxyglucose (FDG)-positron emission tomography (PET). [33] They appear hypointense on T1-weighted MRI sequences and iso-to hyperintense on T2. [10, 21] The differential for an osteolytic mass is broad and includes neoplastic processes such as metastatic lesions, primary bone tumors, including osteosarcoma or Ewing's sarcoma, neuroblastoma, rhabdomyosarcoma, lymphoma and primitive neuroectodermal tumors. It also includes infections such as osteomyelitis or abscesses, fibrous dysplasia, and cystic lesions such as aneurysmal bone cysts or dermoid cysts. Vascular processes, such as venous lakes, hemangiomas, and angiomatosis, are also in the differential, as well as developmental anomalies such as neurenteric cysts and encephaloceles. Tissue biopsy is necessary for definitive diagnosis. The classic radiographic presentation of vertebra plana (not shown in our more dramatic Case 1) is not considered pathognomonic of LCH, as complete vertebral collapse can be seen with other diagnoses such as Ewing's sarcoma and infection.
Histopathologically, LCH lesions show a proliferation of LC-type cells in a milieu of lymphocytes, macrophages, and eosinophils. In 1987, the Histiocyte Society established the diagnostic criteria for a diagnosis of LCH, which required the identification of CD1a on immunohistochemistry or Birbeck granules on electron microscopy. [24] Immunohistochemistry for Langerin, a protein enriched in and necessary for the formation of Birbeck granules, is an acceptable modern alternative to electron microscopy. [1, 23] Recent work suggests Birbeck granules are part of the endosomal recycling system and may be involved with loading CD1a (a protein similar to major histocompatibility complex-I) with glycoprotein antigens for presentation to T-cells. [35] Workup should include a systemic survey to identify any other potential sites of involvement, as management recommendations and prognosis vary depending on the number and type of organs involved in LCH. [17] The Euro Histio network published guidelines for the workup of LCH in 2013 based on the available review of the literature and recommends the following laboratory tests: Complete blood count with differential, complete metabolic panel (electrolytes, [blood urea nitrogen] BUN/creatinine and liver function tests), erythrocyte sedimentation rate, coagulation studies (prothrombin time/international normalization ratio, partial thromboplastin time, fibrinogen), chest X-ray, and radiographic skeletal survey. [23] The Histiocyte Society recommends the same laboratory workup, with the addition of urine specific gravity and abdominal ultrasound. [38] Endocrine labs (follicle-stimulating hormone/luteinizing hormone, thyroid stimulating hormone, growth hormone, cortisol) are indicated if there is any suspicion of pituitary involvement. MRI is useful for the detection of bone marrow or soft-tissue involvement, and a fast whole-body T2-STIR protocol is a possible screening test. [30, 44] PET has been shown to be superior to bone scans for lesion detection, but it exposes children to higher radiation doses. [44] Mueller et al. found MRI had high sensitivity (81%), but FDG-PET had a higher specificity (76%) for the detection of LCH lesions. [40] Treatment LCH of the spine is rare. Treatment patterns in the literature include observation, complete surgical excision with fixation, and radiotherapy. Bertram et al. reviewed the literature of spine EG (n = 53) and found that most cases resolved without treatment. Immobilization and observation are recommended in cases without spinal instability or neurological deficit. [6] Similar findings have been reported by Raab et al. (n = 14) and Yeom et al. (n = 23) . [46, 50] LCH spares the endochondral plates; thus, recovery of vertebral heights is possible if the endochondral tissues are not disturbed with surgery or radiation. [28, 46] Surgical excision, followed by segmental fusion and internal fixation, is indicated in cases of spinal instability, a neurological deficit from compression of the spinal cord or spinal nerves, or marked noncompliance with immobilization/external bracing. [28] Radiotherapy is no longer recommended for spine LCH, except in emergent cases of spinal cord compression. [1, 23] Solitary EG of the calvarial vault without invasion into neurological structures has a favorable prognosis. These lesions typically are managed with surgical curettage or excision. [11, 23, 28] found that these lesions fully resolved without intervention after 6-19 months; [11, 42] however, a major limitation of these reports is the lack of diagnostic certainty in the absence of tissue analysis. There is no Class I evidence for the management of these lesions, and treatment decisions typically are made on a case-by-case basis. On one hand, overly aggressive surgical excision may be associated with prolonged healing and deformity, particularly with large lesions. For this reason, the European Histiocyte Society recommends avoidance of surgical excision in lesions >5 cm in children. [23] On the other hand, observation alone also carries risk, since the differential diagnosis of LCH includes aggressive cancers and infection and the disease may progress to pathologic fracture or encroachment on neurological structures. [3] One option is to perform a biopsy or partial resection for definitive diagnosis, followed by observation or a conservative treatment option, such as an intralesional injection of steroids or interferon, or systemic treatments with indomethacin or bisphosphonates. These treatments have been shown to be efficacious in the literature; [14, 16, 41] however, the results must be interpreted in the context of a disease that potentially is self-resolving.
The Histiocyte Society recommends more aggressive treatment in cases of multifocal bone disease or disease that involves "CNS-risk" sites (odontoid, vertebrae with intraspinal soft-tissue extension, facial bones, skull base, orbit, oral cavity). [1, 38] In these types of LCH, the risk of recurrence is high (30-50%), as is the risk of invasion into neurological tissue or development of neurologic sequelae (40%) such as endocrinopathies, diabetes insipidus, and parenchymal brain disease. [38] For LCH of this type, the Histiocyte Society recommends systemic treatment with prednisone and vinblastine for 12 months. [38] Recent studies, however, have shown less toxicity and lower recurrence rates in patients treated with cytarabine. [8] There is no Class I evidence or guidelines regarding surgical treatment for these lesions. Historically, lesions that invade the dura or compress neurological tissues and are located in accessible sites have undergone surgical excision. [7, 29, 31] In cases where surgical excision would be impossible or excessively morbid, systemic chemotherapy and/or injections of steroids or interferon may be a preferential alternative. [3] In the past, radiation therapy was used as an adjunctive treatment; however, it is no longer recommended due to concerns over the possible long-term effects of radiotherapy on the developing brain and spine. [1, 23] 
Prognosis
In a large study from South Korea (n = 603), 5-year overall survival was 99.8% in those with single-system LCH, 98.4% for multisystem LCH without risk organ involvement, and 77% for multisystem LCH with risk organ involvement. [32] Similar findings have been found by other groups in Japan (n = 91) and Italy (n = 121). [39, 45] In a large study from the Mayo Clinic (n = 263), recurrence rates in those with single-bone LCH was 7%, and the appearance of new bone lesions was 14%. [31] As mentioned above, the Histiocyte Society reports a high rate of recurrence (30-50%) among those with "CNS-risk" lesions. [38] CONCLUSION LCH describes a heterogeneous mixture of pathologies and should be on the differential for any osteolytic soft-tissue mass. Definitive diagnosis requires tissue biopsy, and treatment options vary from observation to resection and chemotherapy. Prognosis is good, and recurrence rates are low, particularly for patients with single bone lesions.
